Using the Landauer-Buttiker theory we calculate the thermal conductance associated to plasmons modes in one dimensional arrays of nanoparticles closely spaced in a host fluid. Our numerical simulations show that the nearfield interactions between particles have a negligible effect on the thermal conductivity of nanoparticles colloidal solutions (nanofluids).
Recent experiments have revealed [1] [2] [3] [4] that many colloidal solutions, also called nanofluids, built by dispersing nanometer-size particles in a liquid display an anomalously high thermal conductivity that the classical theory of effective media [5] fails to explain. Several scenarios have been proposed to explain these unexpected results. Hydrodynamics effects due to Brownian motion of particles [6] have been first suggested to explain this enhancement but recently Evans et al. [7] have shown that the nanoscale fluid flow resulting from this motion have only a minor contribution in the thermal conductivity increase of nanofluids. In parallel to this work, a numerical investigation of nanofluids based on molecular dynamic simulations [8] have enabled to demonstrate that only collective effects could explain the heat transfer enhancement in these media.
In this Letter we examine one of such mechanisms. Our work is based on the following observations : (i) Most of anomalous increases in the thermal conductivity has been observed with nanofluids made with metallic or polar nanoparticles that support plasmons or phonon-polariton modes which have resonance frequencies in the visible or near infrared range. (ii) At weak volume fraction
between two neighborhoods particles in suspension is of the order of their diameter d. Therefore the surface plasmons or phonon-polariton supported by these particles collectively interact in the host fluid. In recent theoretical developments [9, 10] some authors have predicted strong near-field coupling between two nanoobjects or between a bulk material and a nanoobject closely spaced by vacuum suggesting so the possibility of a strong enhancement of heat exchanges from this way. Here we estimate the order of magnitude of heat collectively transported by near-field interactions in a host fluid. We will limit ourselves to linear chains of nanoparticles at rest in a dielectric medium. The thermal conductance associated to the interaction of plasmons modes will be calculated using the Landauer-Buttiker theory of transport [11] .
To start let us consider a chain of N spherical nanoparticles regularly distributed in a host material along a linear chain as shown in (Fig.1) . To determine the thermal conductance of this chain we connect its extremities to two massive materials which are maintained at temperatures T and T T δ + , the temperature difference T δ being small compared to the mean temperature
Also we assume that both reservoirs support surface modes which are able to perfectly couple with the chain [9] . Energy exchanged between both reservoirs via the collective excitations of electrons (plasmons) can be calculated using the Landauer-Buttiker theory. Hence, introducing the right and left moving plasmons energy flux
where k stand for the wave vector, ) (k 
Finally taking into account the plasmons damping along the chain and transforming the integrals in (1) to integrals over frequencies this conductance writes p , writes [13] ) (
where the subscript labels the particles, 0 two subsequent electron collisions) so that the relaxation frequency is very well described [15] by the following expression
As for the last term in Eq. (2) it represents the interaction of dipole with its neighbors, 
where we have set ), for instance, the transmission probability is one order of magnitude smaller than that we have in contact. In Fig. 4 , the thermal conductance of Cu chains embedded in EG are reported as a function of the interparticle distance for several particle sizes.
We see that the thermal conductance increases continuously when the separation distance between particles is decreased. However, for levels of concentration corresponding to the operating range of nanofluids (~1% vol. or In conclusion we have studied the contribution of near-field interactions to the transport of heat in weakly concentrated nanofluids when the average separation distance between particles is small in front of plasmons wavelengths. We have shown for ethylene glycol-based nanofluids containing copper nanoparticles that the surface plasmons play a minor role in the heat transfers enhancement observed in experiments. This result is obviously applicable to others nanofluids comprising metal, metal oxide and polar nanoparticles which all support either plasmons or phonons polaritons. Our results suggest that the large thermal conductivity increases in nanofluids comes from other collective effects such as those due to the self-ordered motions of particles (i.e. collective motions consisting of phonons due to the random motion of particles which can be decomposed as harmonic-oscillator-like modes) in the host fluid or due to an increase of the phonon density in presence of clusters. 
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